ABSTRACT. We examine the pollen analytical and 14C sequences from two Sumatra highland sites, Pea Bullok (2°1S'N, 99°02'E) and Danau di-Atas (1°04'S, 100°46'E). The pollen diagrams do not correlate particularly well, possibly because two of the samples from Danau di-Atas analyzed by radioactive decay counting earlier should be infinite. Other complications are differences in the type of site, local topography, pollen sums used and difficulty in distinguishing between pollen taxa from local and regional vegetation. The older material from Pea Bullok was AMS dated.
INTRODUCTION
Pea Bullok is located on a plateau at ca. 1400-m elevation 2 km north of Siborongborong (2°15'N, 9902'E) in the Toba Highlands of north Sumatra, and Danau di-Atas (1°04'S, 100°46'E) is at 1535 m asl in central Sumatra. Pea Bullok appears to be an extinct volcanic crater and is infilled almost to the rim by peats, but Danau di-Atas is a rift valley lake ca. 6 km long by 3 km wide, bordered in places by a marginal peat swamp from which the core used in pollen analysis was extracted (Newsome and Flenley 1988) .
The sites are important, as they are the only ones from Sumatra that span the whole of the last glacial period. Because their pollen records should give evidence for profound vegetation changes, with implications for climate change and the environmental impact of humans at a time of their dispersal throughout Southeast Asia, it is important that the sediments be well dated. Two cores from Pea Bullok underwent pollen analysis, one (A) from the edge of the swamp and the other (B) from the center. Table 1 lists the 18 available 14C dates: 2 University of Oxford (0t) accelerator mass spectrometer (AMS) dates and 16 conventional University of Belfast (UB) dates. One core from Danau di-Atas was examined for pollen by Newsome and Flenley (1988) and 10 samples were dated by the National Environment Research Council (NERC) Laboratory, East Kilbride (SRR) and the Geochron laboratories, Boston (GX), at four different times (Table 1) . The Danau di-Atas core was 16.5 m long, and inverted dates were derived from samples taken below 13 m depth. The 8-m-long Pea Bullok Core A has one inverted date at 2.20-2.30 m depth and one with a bomb spike. Pea Bullok Core B is 3.5 m long.
Present-Day Climate, Vegetation and Soils
Siborongborong, the meteorological recording station nearest Pea Bullok, has a well-distributed mean annual rainfall of ca. 2000 mm (Boerma 1925) , sufficient for forest development. At Danau di-Atas, ca. 400 km away, rainfall totals ca. 2000-2500 mm, with the drier months from May to September (Fontanel and Chantefort 1978) . Precise temperature figures are unavailable, but the mean annual temperatures in both areas are probably ca. 18-20°C (Braak 1925) , with average daily ranges larger than the annual range of mean temperature. Pea Bullok Core A (Fig, 1) The oldest sample we analyzed is from 7.95 m, with a probable age of ca. 32 ka or older. The key pollen types are Dacrydium, Castanopsis comp., Quercus and Myrsine. Myrsine is often a subalpine indicator (Walker and Henley 1979) but has been reported growing on swamps in the region (Polak 1933) where it may be a relict of colder, more open dryland conditions. Dacrydium elatum is a possible swamp forest taxon but is also present in lower montane forest. However, the general impression that this sample gives is of Fago-Lauraceous forest, such as the remnants existing in the region today. These indications of warm, wet conditions are offset by a low percentage of pteridophyte spores relative to total pollen suggestive of dryness (van der Kaars 1991), although there may be non-climatic explanations for this ratio. The Holocene is characterized by a dominance of Fago-Lauraceous forest taxa, and the rise inEugenia comp. pollen had a regional extent (Maloney 1985) . Also the pteridophyta : pollen ratio is consistently high, probably reflecting climatic wetness (van der Kaars 1991). The last major peak of Dacrydium is associated with the inverted 14C date of ca. 14 ka BP. Because the core is from the margin of the site, this inversion may be due to erosion and redeposition of peat, possibly caused by slumping associated with earthquake activity. Hehanussa et al. (1987) claimed that substantial movement along faults ended ca. 17 ka ago, but the last reported earthquake was in 1921 (Braak 1929 (Fig. 2) The 3.5-m-long Core B covers the last 20 ka. The main difference in the earlier part of the sequence is in the behavior of cold-indicating Vaccinium comp. An isolated peak occurs ca. 18 ka BP, but the percentages are usually higher in Core A, suggesting a dryland origin. As in Core A, the main tree fern percentages postdate 18 ka BP. Here the last major peak of Dacrydium is coeval with the European Younger Dryas and might indicate reversion to colder conditions, but much more research is needed to prove or disprove this. A brief change at Danau di-Atas may date to the same time period, but no 14C dates cover the time between ca. 11.7 ka and 6.8 ka BP; Engelhardia, sometimes a disturbance indicator, became dominant in two pollen diagrams from elevations of 1300 and 1750 m at this time in West Java (Stuijts 1993 ).
The main increase in Eugenia comp., indicating climatic warming, began before ca. 10.6 ka BP and the decline after 9.2 ka BP and especially 5.1 ka BP (almost 6 ka cal. BP (Stuiver and Reimer 1986)) when Schef f lera id. aromatica comp. and Myrsine increased significantly. Both remain important at the top of the diagram, suggesting that forest clearance was taking place, but probably intensively only after ca. 2 ka BP. Amaranthaceae pollen is present in two samples (Chenopodiaceae often have similar pollen grains but have not been reported from Sumatra) most abundantly from 0.77 m depth, which may be 3.4 ka old. Amaranthaceae can be weeds of rice fields but may be more closely associated with root crops and some kind of dryland crop was probably being grown.
Danau di-Atas (Fig. 4) The Pea Bullok diagrams can best be correlated with the Danau di-Atas diagram using 14C dates, as the two sites vary in topography and therefore in sources of pollens. Unfortunately, published data do not permit recalculation of the pollen sum, which hinders correlation, but not nearly so much as the problems with dating. If the earlier Geochron dates, which may be of infinite age, are omitted from the sequence, the other dates show a 0.96 correlation and the estimated age of the base of the sequence becomes 26,830 BP instead of 33,158 BP; inclusion of these dates brings the correlation down to 0.88 (Fig. 3) .
The main problem is GX-4916. If this is excluded, the correlation becomes 0.94 and the sedimentation rates show an exponential curve; otherwise a 5th-order polynomial curve is the best fit. The correlations of the two NERC Laboratory sequences are not significantly different from each other. Regardless of the dating problems and differing pollen sums, the most striking contrast between the Danau di-Atas and Pea Bullok diagrams is the frequency of Dacrycarpus imbricatus and Myrtaceae pollen in the older part of the former (Fig. 4) Newsome and Flenley (1988) ). Dates are in years BP. Newsome and Flenley (1988) suggest that lower montane forest is represented below 13.15 m depth
and that the inverted dates may result from a lowered lake level and erosionlredeposition of sediments. However, the site is in a rift valley, and an earthquake might produce a similar effect, but Hehanussa et al. (1987) 
CONCLUSION
Because few sites have been examined, and because they vary in type, elevation, topography and local pollen sources, pollen diagrams from Sumatra can be directly correlated at present only by using 14C-dated sequences. Therefore, assessment of the reliability of the dates is very important. Pea Bullok and Danau di-Atas are the best dated sites analyzed and a reconsideration of the Danau di-Atas dates has made a more convincing correlation of the two pollen sequences possible. However, this would be easier with more dates from levels above the 10-m depth of Danau di-Atas, new AMS dates from its base, and publication of the raw pollen data. Both sites present clear evidence for profound glacial-period temperature change; there is less evidence for the early impact of people on the forest, but strong indications of extensive forest clearance postdating 2-1.8 ka BP.
